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(54) Method for the production of a microcapsule type conductive filler 



(57) A method for the production of a microcapsule 
(MC) type conductive filler is provided. The method 
comprises (a) immersing minute conductive particles in 
an affinity agent thereby treating the surface of the 
minute conductive particles, (b) immersing and dispers- 
ing the surface- treated minute conductive particles in an 
epoxy mcncmer thereby forming a suspension, and (c) 
polymerizing the monomer in the suspension thereby 
forming a thermosetting insulating polymer on the sur- 
face of the minute conductive particles. 
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Description 

This invention relates to a method *cr the production of a microcapsule (MC) type conductive filler and more partic- 
ularly to a method for coating the surface of minute conducive particles with an insulating pciymer and to an MC type 

5 adhesive agent having dispersed in an adhesive agent the coated MC type conductive filler 

In the conventional method of adhesion, the adhesion effected by soft soldering ar welding where the interface pro- 
duced by this achesion requires conductivity. The conventional method is effectively applicable only to a limited number 
of matenals because of the heat *actcr. In contrast, the organic-inorganic composite conductive adhesive agent that is 
composed of a binder using a synthetic resin as a main component thereof and a conductive filter using a metal powder 

jo as a main component thereof finds utility in a wide variety of applications that involving different kinds of matenals sub- 
jected to adhesion. This adhesive agent, therefore, is an indispensable medium for conductive aaheston of plastic sub- 
stances (such as epoxy and phenol resins) that do not aahere by soft soldering, for adhesion of MESA glass used in 
liquid crystal display devices, for adhesion of phosphor bronze with a carbon brush used in micrometers, and for adhe- 
sion of !ead wires as in quartz oscillators and sdc meters, for example. 

rs Particularly, in the semiconductor industry, which has been enjoying significant growth recently, ICs and LSl"s of 
increasingly high quality have been developed and mass produced. For the adhesion of these semiconductor chips (sil- 
icon wafers) to lead frames, though the method involving to an Au-Sn eutectic once prevailed, conductive adhesive 
agents formed by kneading an epoxy resin with silver powder now have multiple applications utility owing to their ability 
to tower cost and enhance productivity. 

20 As a resin binder for conductive adhesive agents, while epoxy resin is generally used, poiyimtde type, phenol type, 

and polyester type resins are also used, though only partially. As a conductive filler, minute particles of such metals as 
gold, silver, and copper and amorphous carbon and graphite powder are generally used as well as metal oxides, though 
only partially. Silver powder is preferaciy used over the conductive fillers cited aoove because it is inexpensive, reiiaoie 
and effective. 

25 The conductive adhesive agent is advantageous in various respects compared with conventional applications such 
as soft soldering and welding though it is not perfectly free from fault. When this conductive adhesive agent s used 
between an LSI chip and patterns for mounting component parts, for example, an increase in the amount of minute con- 
ductive particles that are incorporated in the conductive adhesive agent lowers insulation resistance as illustrated in 
Fig. 1 and increases the possibility of adjacent patterns forming electric continuity. A reduction in the amount of minute 

30 conductive particles reduces the electric continuity between the LSI and the patterns. Data indicate the necessity for 
rigidly controlling the amount of minute conductive particles to be used in the conductive adhesive agent. And at the 
same time, reveal the fact that the minute conductive particles cannot be used in large amounts. 

It is believed possible that this problem can be solved by a procedure that comprises preparing an MC type con- 
ductive adhesive agent having dispersed n an adhesive agent, an MC type conductive filler formed by coating the sur- 

35 face of minute conductive particles with an insulating polymer, applying the MC type conductive adhesive agent to the 
entire surface of the substrate of an iC or LSI chip, exerting pressure to bear on the interface between the chip and pat- 
terns deposited thereon, thereby rupturing the coating layer of the capsules and establishing electric continuity between 
the chip and the patterns, and meanwhile allowing the encapsulated minute conductive particles interposed between 
the adjacent patterns to remain intact and continue to insulate these patterns from one another. 

40 The insulating resins that are usable for coating the surface of minute conductive particles include thermoplastic 
resins and thermosetting resins as classified by kind. In terms of resistance to moisture absorption and electric insulat- 
ing properties, thermosetting resins definitely excel thermoplastic resins. Since thermocompressicn bending of a chip 
to a substrate is generally carried out at an elevated temperature of at least 170°C. the insulating resin to be used is 
required to be stable enough to resist this elevated temperature though few thermoplastic resins can endure this tem- 

45 perature. In contrast, most thermosetting resins can tolerate temperatures in the neighborhood of 200°C. 

For use as an insulating resin m the MC type conductive filler, thermosetting resins that are advantageous in vari- 
ous respects over thermoplastic resins are suitable. 

For the application of an insulating resin coating to the surface of minute conductive particles, however, the proce- 
dure that involves dissolving the resin in a solvent spraying the solution cn the surface of the minute conductive parti- 

50 cles. and drying the applied coating of the solution Is predominant though since thermosetting resins are nscluble in 
solvents, this procedure applied conventionally is difficult and the application of a thermosetting resin coating to the sur- 
face of minute conductive particles, therefore, necessitates development of a novel coating procedure. 

The prior techniques pertaining to the MC type conductive adhesive agent have been disclosed by Japanese Unex- 
amined Patent Publications No. 176,139/1987, No. 76,215/1987, No. 47,943/1988. No. 54.796/1988, No. 

55 103,374/1990, and No. 103,375/1990, for example- 
First, the disclosures of Japanese Unexamined Patent Publications No. 176.139/1987, No. 76,215/1987, No. 
47.943/1988. and No. 54.796/1988 will be described. These patent publications disclose, as conductive adhesive 
agents, those produced by forming an intermediate conductive layer on spherical cores of resin and coating the inter- 
mediate layer with a surface layer of an insulating thermoplastic resin and those produced by coating the surface of 
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minute spnencai conductive particles with an insulating thermcplastic resin. Actual mounting of a chip on a substrate 
for a printed circuit by using such a conductive adhesive agent s attained by a procedure :hat comprises applying the 
conductive adhesive agent to the substrate and mermoccmpressicn bending the chic to the suostrate so that the inter- 
mediate ayer or the minute conductive particles *ifl discharge a conductive function and the Insulating thermcplastic 

5 resin an adhesive function and an insulating function. The techniques disclosed by these patent publications differ from 
the method using lie MC type conductive adhesive agent of the present invention and these patent publications do not 
mention using a thermosetting resin as an insulating resin for coating the surface cf the minute conductive particles. 

New. the disclosure of Japanese Unexamined Patent Puciicaticn No. 103.374/19SO will be described beicw. The 
invention of this patent publication pertains to an MC type conductive adhesive agent produced by dispersing in a film 

io of an insulating adhesive agent serving as a binder an -MC type conductive filler having minute conductive particles 
coated with an insulating thermoplastic resin or thermosetting resin. Conductive untcn of two grven members using this 
MC type conductive adhesive agent is accomplished by depositing this adhesive agent on the two members and press- 
ing the two members against each other while ceing heated state. Thus, in the part expected to form electric continuity, 
the impact of the pressure exerted as described above ruptures the insulating resin layer cf the MC filler and establishes 

is the desired electnc continuity, whereas in the part requiring insulation, the MC type conductive filler is allowed to remain 
intact and. therefore, retain stable insulation. Incdentaily. this MC type conducive filler s manufactured by plasma 
polymerization or plasma CVD polymerization and there are times *hen the insulating film cf the MC type filler may be 
formed of a thermosetting resin. The number of kinds cf thermosetting resins that can be manufactured by the plasma 
polymerization and the plasma CVD polymerization is very smail because the number of kinds of gases usable for mjec- 

m. ,«h.M« ,-. ~*^-*u .~*~.~,-m~.+. * ~ .r~ f-trmi-i C ir+ttnr ■-» flr^^nz-a i a.i fH »Hi<? n-» <at*>r\y-j .->4 ^nc rr*>n ^nli/mon 7 rattan nr nlacma 

CVD polymerization, the cost is sufficiently hign to render the manufaCunng therecf mpracicacie and productivity is 
inferior because the amount of MC type fiiler to be manufactured is small. 

The disclosure of Japanese Unexamined Patent Puciicaticn No. 1 03.375/1 SSO will be described belcw. The inven- 
tion of this patent publication pertains to the use of an MC type conductive adhesive agent produced by coating minute 

25 conductive particles with an insulating thermcciastic resin or thermosetting resin. Actual mounting of a chip on a sub- 
strate *or a onnted circuit using this MC type conductive adhesive agent is attained by acclymg the conductive adhesive 
agent to the substrate and thermocompressicn bonding the chip to the substrate, with the intermediate layer or the 
minute conductive particles discharging a conducive *undcn and the insulating resin on the surface of the minute con- 
ductive particles an achesive function and an insulating ^urcticn. Incidentally, this MC type conductive fiiler is manufac- 

30 tured by either plasma polymerization or plasma CVD polymerization. Thus, these oner techniques are described as 
allowing what is formed by coating the surface of minute conducive particles with a thermosetting resin. In spite of 
these disclosures, thermosetting resins should be unusable *cr the purpose of coating because they do not melt with 
heat and. therefore, are incapable of funCionmg as an adhesive. Even if a thermosetting 'esin is used, the method of 
manufactunng the MC type conducive filler entails a serious drawback as pointed out in Japanese Unexamined Patent 

35 Publication No. 103.374/1990. 

Practically all the prior techniques pertaining to the manufacture of an MC type conducive filler or the conductive 
adhesive agent using this fiiler invariably use a thermcplastic resin. Even when the patent publications mention usability 
of a thermosetting resin, methods of manufacuring using such a thermosetting resin are not disclosed with sufficient 
specificity or are devoid of practicability and thus, these methods cannct be actuaily used. 

40 This invention has been produced for the purpose of solving the problems encountered by the prior art as described 

above. The first aspec of this invention, i.e. the method for production of an MC type conducive filler is characerized 
by dispersing minute conductive particles (cii phase) allowing the presence of either both a solvent and a reactive sub- 
stance A or the aforementioned reacive substance A aicne on the surface therecf m water having dissolved therein a 
reaCive substance 3 capable of reacting with the reacive SLbstanca A (aqueous phase) therecy *crming a suspension 

45 or causing either a solvent and at least one reactive substance or. as aforementioned, at 'east one reacive substance 
alone to be present on the surface of minute conductive particles (oil phase) and dispersing the minute conducive par- 
ticles in water thereby forming a suspension and applying heat or adding a catalyst to the suspension thereby inducing 
the reacive substance to react on the surface of the minute conductive particles thereby *orming a thermosetting, ther- 
mcplastic, or combined thermosetting-thermcclastic insulating -es;n 

so The second aspec of this invention, i.e. the MC type conducive adhesive agent s produced by dispersing »n an 

adhesive agent an MC type conductive fiiler that is produced oy dispersing minute conductive particles (oil phase) 
,i, :w ,„., : o^^ C 3 j --J- : • •- •, r.-* i -r".- :uc^ *?.'":-= * c<:*" cr i re e^ce^ - = ac**ve s^bV3"ce - 1 

a;cne cn :r.e .^raca :rerec: r water navng cisscivec '~e(~-r a 'eacve iucs;ance - ^acaoe z: eacira witr tr-= -a 
*:ve SLCstarce - acuecLS erase '^e r ecv -cr~:rg i ^sce-s.:" :- :a_s.rq either i e~ it east zr* -active 

55 substance nr as aforementioned, at least one reactive sucstarca alcre to oe present on the surface cf minute conduc- 
tive particles (oil phase) and dispersing the minute conductive particies n water thereby 'crming a suspenscn and 
applying heat or adding a catalyst to the suspension therecy nduc:ng the reactive substance *o reaC on the surface of 
the minute conductive particles thereby forming a thermosetting, thermcplastic, or combined thermcsetting-thermo- 
piasrc rsu'at^c -es;n 
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The term reactive substance" as used m this specification refers to a substance that is capable of forming an msu- 
lating polymer on the surface of a filler either by itself or through reaction with another reactive substance. The sub- 
stances that answer this description include monomer components, oligomer components, and polymer components 
that form an insulating polymer, for example. 

The third aspect of this invention, i.e. the method for production of an MC type conductive filler comprises (a) a step 
of ,mmers.ng m.nute conductive particles in an affinity agent thereby treating the surface of the minute conductive par- 
ticles (b) a step of immersing and dispersing the surface-treated minute conductive particles m an epoxy monomer 
thereby forming a suspension, and (c) a step of polymenzing the monomer in the suspension thereby forming a ther- 
mosetting insulating polymer on the surface of the minute conductive particles. 

The fourth aspect of this invention, i.e. the MC type conductive adhesive agent is produced by dispersing in an 
adhesive agent the MC conductive filler obtained by the method described above. 

The invention will be better understood and objects and advantages other than those set forth above will become 
apparent when consideration is given to the following detailed description thereof. The description makes reference to 
the annexed drawings wherein: 

Fg 1 is a graph showing the relation between insulation resistance and conductivity with the amount of minute 
conductive particles as a parameter. Fig. 2 is a flow sheet of the production of a microcapsule type conductive filer. 
Fig 3 is a type diagram of the microcapsule type conductive filler. Fig. 4 is a type diagram illustrating one example 
of a substrate Fig 5 is a type diagram illustrating one example of a glass chip. Fig. 6 .s a type diagram illustrating 
sites for determination of electric continuity resistance and insulation resistance. Fig. 7 is a partially magnified dia- 
gram of Fig S Fig 3 is a photomicrograph of the microcapsule type conductive filler (15,000 magnifications), rig. 
9 is a photomicrograph of a part of union between a bump and a pad (504 magnifications) . Fig. 1 0 is a type diagram 
illustrating the state of union between a chip and a substrate. Fig. 11 is a flew sheet of the production of a micro- 
capsule type conductive filler as the second aspect of this invention. Fig. 12 is a type diagram illustrating a growth 
model of a triazine thiol film on the surface cf metal, and Fig. 13 is a type diagram illustrating the reaction mecha- 
nism of an epoxy monomer with triazine thiol. 

The principle tar the production of an MC conductive filler will be described below. 
30 (Production using one kind of monomer) 

A suspension is produced by dispersing m.nute conductive particles having the surface thereof treated with a cou- 
pling agent in a solution of a monomer and a reaction initiator (oil phase) and adding the resultant dispersion dropw.se 
to water having an emulsifier and a viscosity enhancer dissolved therein (aqueous phase). By apply.ng heat to this sus- 
35 pens.cn. for axample. the monomer is polymerized in situ on the surface of the minute conductive particles and aHowed 
to form a coating thereon. Examples of the monomer that is usable singly herein are divinyl benzene and acryl. A ther- 
mosetting polymer is obtained from divinyl benzene monomer and a thermoplastic polymer from acryl monomer. 

(Production using two or more kinds of monomers) 

A suspension is produced by dispersing minute conductive particles having the surface thereof treated with a cou- 
pling agent in the solution of a monomer in a solvent (oil phase) and adding the resultant dispersion dropwise to water 
having another monomer, an emulsifier. and a viscosity enhancer dissolved therein (aqueous phase). By apply.ng heat 
or adding a catalyst to this suspension, the monomers are interfacially polymerized on the surface of the minute con- 
ductive particles and allowed to coat the minute conductive particles. The coating can be alternatively effected by pre- 
paring a suspension having at least two k.nds of monomers dissolved in the oil phase and subiecting the monomers ,o 
in situ polymerization. Examples of the monomers that are usable in the form of a combination of two monomers herein 
are epoxy/amine and bismaleimide/amine (both producing a thermosetting polymer). 

In the production of the MC conductive filler, the following points must be taken into consideration. 

(1) The minute conductive particles should be treated in advance with a coupling agent. (2) The sp value of the ^cou- 
pling agent to be used for this treatment should be within =10 (cal/cm 3 ) * of that of the monomer to be used. (3) The 
viscosity of the aqueous phase should be in the range between 20 and 10.000 ops. (4) The suspension shou d be 
stirred at a rate in the range between 50 and 250 rpm to effect the reaction of the monomer. The reason for (1) is 
that since the monomolecular film of the coupling agent on the surface of the minute conductive particles and the 
monomer molecules are intertwined, the monomer is retained on the surface of the minute conductive particles and 
the coating is affected uniformly. The reason for (2) is that if the sp value deviates from the range of ±1 0 (cal/cm j , 
the monomer is not thoroughly intertwined with the coupling agent and it is retained on the surface of minute con- 
ductive particles with difficulty. The reason for (3) is that the mmute conductive particles settle and agglomerate if 
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the viscosity ;s less than 20 ccs and the separation cf the VIC type conductive filler after completion ot me coating 
is not obtained if the viscosity exceeds 10.0C0 res. The reason tar [4.) is that the minute conductive parades settle 
and agglomerate during the reaction of the mencmer f agitation is emitted. 

5 The minute conductive carticies to be used "or this method of production of the f iller are only ^ecutred to oe made 

of a conductive metallic material The kind of metallic material s irrespective. For example, minute Cu parnces having 
the surface thereof coated with Ag or minute Ag cances are creieraciy used. 

The minute conductive particles are preferaciy serenes cr cseudescneres m shape. These minute conductive par- 
ticles preferably have a diameter of not mere than 50 ifn. 

io The insulating fayer of a thermosetting resin *cr the VIC type conductive filler is preferably made cf a cured 

epcxy/amme or oismaieimide/amine type resin. The nsuiating 'ayer of thermosetting resin of the VIC type conductive 
filler preferably has a thickness of not more than 3 nm. 

This invention pertains in one aspect of an VIC type conductive adhesive agent having dispersed in an adhesive 
agent the filler obtained as described above. The adhesive agent that can be effectively used in the MC type conductive 

T5 adhesive agent is the same as mentioned above. c or examcle. an epoxy type one-component polytmide or polyester 
adhesive agent is preferably used. 

The viscosity of the adhesive agent mentioned above <s oreferably not more than 150.0C0 cps. The cement of the 
MC type conductive filler in the VIC type conducive achesive agent is oreferably net more than 50% oy volume. 

One preferred embodiment of the method of this invention comprises Arming a suspension oy uniformly dispersing 

20 minute conductive particles allowing the presence of a solvent and a monomer (monomer A) on the surface thereof in 
water having another monomer (monomer B) dissolved thterein and applying heat to the suspension thereoy inducing 
the two monomers to react on the surface of the minute conductive particles and form an insulating pciymer and con- 
sequently producing a microcapsule type filler In this method, the monomer A and the monomer 3 are monomer com- 
ponents that are intended to form an insulating polymer. When a oolyamice is intended to form the insulating pciymer, 

25 for example, acipic ac;d dichicride serves as the monomer A and hexamethyiene diamine as the monomer 3. Where 
polyurethane is intended to form the insulating pciymer *or example, tetramethylene diisccyanate serves as the mono- 
mer A and methamethylene glycol as the monomer 3. 

The solvents that are effectively usable for dissolving the monomer A include dichloroethane, chloroform, carbon 
tetrachloride, xylene, toluene, benzene, dichlorcmethare. and ethyl acetate, for example. The suspension is heated for 

30 the purpose of promoting the reaction of the monomers therein. The temperature of this heating is in the range between 
normal room temperature and boiling point of the solvent !t s selected in accordance with the particular quality of the 
suspension to be heated. 

In the method described above, the minute conductive particles must be treated with a coupling agent before using. 
This treatment serves the purpose of fixing the monomer A cn the minute conductive particles. 
35 Further, in the method described above, the viscosity of the aqueous phase having the monomer 3 dissolved 

therein is preferably adjusted so as to fall ;n the -ange between 20 and 10,000 cps by the addition of a viscosity 
enhancer. During the apclicaticn cf heat to the suscensicn mentioned above, the suspension must be stirred at a rate 
in the range between 50 and 250 rpm for reacting the two monomers. 

The monomers are preferably used in an amount that ; s at 'east sufficient for the monomers to form a film of not 
*c less than 0.05 am in thickness on the surface cf the minute conductive particles. 

New, the present invention will be described n detail beicw with reference to working examples. Cf course, this 
invention is net limited to the working examples. 

The affinity enhancer such as tnazme thiol, *ncn s jsed at the stec (a) in the method, i.e. the third ascect of this 
invention, allows effective polymerization of the monomers because it is capable of inducing uniform adhesion of the 
45 epoxy resin monomer to the surface of the minute metallic oamcles and opening the heterocycies in the resin. As a 
result, the heretofore difficult coating of the surface of the minute conductive particles with the thermosetting resin can 
be easily attained by the method of this invention. Further, since the coating film of the thermosetting resin is superior 
to the coating film of a thermoplastic resin in strength, the VIC type conductive filler can be incorporated in a large 
amount m the adhesive agent and the VIC type conductive aches;ve agent consequently produced can effect an adhe- 
50 sive unicn cf two given members with higher reliability than the conventional technique. 

New. this invention *ill be described mere scecrfically belcw with reference to working examples, which are Jlus- 
trative cf and no? 'imitative n any se^se of mis 'rve r ncn 

rverticr 

Example 4 

A microcapsule type conductive adhesive agent <vas crod^czd with the Allowing materials. 
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Minute conductive particles: 

Minute pseudospheres of Cu having the surface thereof plated with Ag (Ag/Cu. average diameter 5 urn). 
Dispersant: 

Titanate type coupling agent, 
s Monomers: 

Bisphenol A type epoxy (BPA) and tetraethyiene pentamme (TEPA). 
Adhesive agent: 

Epoxy type one-component adhesive agent. 

w (1) Production of microcapsule type conductive filler (using a monomer and a solvent respectively in oil phase and 

aqueous phase). 

Coating of silver powder with cured SPA and TEPA 

An aqueous phase was prepared by dissolving 25 g of polyvinyl alcohol. 2 g of an emuisrfter, and 10 g of TEPA 
in 400 ml of water. An oil phase was prepared by dissolving 7 g of SPA in 15 mi of dichloro ethane and adding to the 
is resultant solution 1 5 g of silver powder treated with a titanate type coupling agent in accordance with the flow chart 
illustrated in Fg. 2. 3y exposing the oil phase to an ultrasonic wave *cr 20 minutes, the silver powder agglomerated 
therein was dispersed. Then, the aqueous phase was stirred with a homogenize at a rate of 3.000 rpm and. at the 
same time the oil phase was gradually added dropw.se to the stirred aqueous phase to produce a suspension 
allowing the presence of the oil phase on the surface of the silver powder. This suspension was kept at S0°C and 
20 stirred with a three-one motor at a rate of 180 rpm for four hours. Thereafter, a microcapsule type conductive filler 

A having the surface of minute conductive particles (silver powder) coated with a polymer as illustrated in F,g. 3 was 
separated and dried at 50°C for 30 minutes, to afford an MC type conductive filler. 

Since the production of this MC type conductive filler forms the subject matter of this invention, the production 
of the MC type filler set forth in Example 1 above will be described more specifically belcw (in the following descrip- 
25 tion. the amounts of part of the raw materials are different from these of the preceding paragraph). 
1 1 Treatment of fine metallic particies with a coupling agent 

To ensure retention of the monomer on the surface of fine metallic particles, the following treatment with a cou- 
pling agent was carried out. in 50 mi of ethanol. 0.3 g of a titanate type coupling agent and 3 g of minute Ag/Cu 
particles were reta.ned at 60°C and subjected to ultrasonic dispersion for 10 minutes. Then, by keeping the solution 
at 60°C and expelling ethanol by distillation, the treatment of the surface of minute metallic particies with the cou- 
pling agent was effected. Incidentally, the amount of coupling agent to be used must be in the range between 0.1 
and 10% by weight and is preferably 5% by weight, based on the amount of the minute metallic particies. The rea- 
son for the particular range is that the surface of the minute metallic particies cannot be uniformly coated with the 
coupling agent if the amount is less than 0.1% by weight and the m.nute metallic particles cohere if the amount 
exceeds 10% by weight. Further, the solubility parameter of the coupling agent is desired to be within ±10 
(cal/cm 3 ) of that of the monomer to be used in the oil phase. This range is important for the purpose of improv.ng 
the molecular intertwining of the coupling agent and the monomer 

1 .2 Preparation of aqueous phase 
An aqueous phase was prepared by dissolving 1 .5 g of an emulsifier. 1 4.5 g of PVA (viscosity of the aqueous 

phase ?Q cps) and 1 0 g of TEPA in 200 mi. Here, the amount of PVA to be added must be controlled so as to adjust 
the viscosity of the aqueous phase in the range between 1 and 1 .000 cps and preclude the otherwise possible sed- 
imentation of the minute metallic particles. 

1.3 Preparation of oil phase 

An oil phase was prepared by dissolving 10 g of BPA in 30 ml of ethyl acetate and adding 7 g of m.nute Ag/Cu 
45 particles to the resultant solution. The solvent to be used for the oil phase must exhibit solubility of not !ess than 
0 1% in water If a solvent not satisfying this condition is used, the solvent in the produced MC filler intervenes 
between the polymer and the m.nute metallic particles and, when this MC filler is used in the conductive adhesive 
agent, the entrapped solvent causes corrosion of the product of union. The solubility of the solvent to be used is 
preferably about 3% in water. 

so 1 4 Dispersion of minute Ag/Cu particles . 

The oil phase was exposed to an ultrasonic wave for 10 minutes to effect thorough dispersion of the m.nute 
Ag/Cu particles therein. Though the minute Ag/Cu particles used in this example were spheres in shape, the coat- 
ing is equally effected when these particles are pseudespheres or fish scales in shape. When the MC filler <s 
intended for use in the VIC type conductive adhesive agent, the particles in the shape of fish scales are not used 

55 advantagecusly because they do not serve as spacers between the bump and the pad as shown m -able 3. 

1.5 Preparation of suspension 

A suspension was prepared by stirring the aqueous phase with a hcmcgen.zer at a rate of 4,000 rpm and. at 
the same time adding the oil phase gradually to the stirred aqueous phase drepwise. The operating speed of the 
homogen,z*r must be in the range between 500 and 10,000 rpm. The reason for the oarticular range is that no 
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homogeneous suspension s obtained f the speed s less than 500 rpm and the minute Ag/Cu particles are dam- 
aged ;f the speed exceecs i 0.000 rpm 
1.5 interracial polymerization reaction 

The suspension prepared in 1.5 above was stirred with a three-one motor at 150 rpm and heated at 50°C to 
induce a reaction for four hours. The stirring must be earned out with an operational speed <ect ;n the range 
between 50 and 250 rpm.. which prevents sedimentation of the minute metallic partides (to which occurs if the 
speed is less than 50 rpm), cohesion (which occurs if the speed is larger than 250 rpm) during the interracial polym- 
erization reaction. 

(2) Observation of cross section of microcapsule type conductor filler 

The microcapsule type conductive filler produced as described above was buried m an epcxy res;n. allowed to 
set therein, and cut with a microtome to expose the cross section of the filler for visual observation. 

(3) Confirmation of insulation of microcapsule type conductive filler 

The filler was dispersed between two opposed glass substrates having the surface thereof coated with ITO and 
tested for insulation between the glass substrates. 

(4) Preparation of conductive adhesive agent 

The microcapsule type conductive filler precared in (1) above was mixed .n a voiuminal proportion of 20% with 
an epoxy type one-ccmccnent adhesive agent. The resultant mixture was thoroughly stirred to effect dispersion of 
the filler therein to afford a microcapsule type conductive adhesive agent. 

(5) Bonding of chip to substrate 

A 40 urn conductive adhesive agent prepared in (2) above was uniformly applied to a substrate (number of 
pads 123. interval between pads 1C0 urn and size pad 200 .urn z) illustrated in Fig. 4. The substrate and a glass 
chip (123 pins) illustrated in Fig. 5 to which the substrate was tacked by bumping were subjected :o thermcccm- 
pressicn boncing at a temperature of 1 7Q°C. 30 sec. and 35 gybump. !n the diagram of Fig. 4, 2 represents an elec- 
trcde and 4 represents an electrode to be used for such evaluations as a test *cr electric continuity. 

(6) Test for electric continuity and test ; or insulation 

The product of union obtained by bonding in (3) above 'was tested for electric continuity by the *cur-terminal 
method using the sites of measurement illustrated in Fig. 5 and Fig. 7 and was tested for insulation by using a high- 
resistanca meter (insulation resistance meter). 

Incidentally, the measurement of electric continuity was made at circuit i, circuit 2. circuit 3. and circuit 4 and 
that of insulation resistance at insulation part 1, insulation part 2. and insulation part 3 as illustrated in Fig. 7. 

(7) Observation of state of adhesion of chip to substrate 

The product of union obtained by bonding in (3) above was sectioned and the cross section consequently 
exposed was visually examined to determine the state of achesion of the filler to the chip and the substrate. 

(Results) 

(1) Observation of cross section of microcapsule type conductive filler 

Fig. 3 is a photograph of a cross section of the microcapsule type conductive filler. It is clearty noted from the 
photograph that an insulating poiymer was present on the surface of a minute conductive particle, indicating that 
the particle was completely coated. 

(2) Confirmation of insulation with microcapsule type conductive filler 

The two opposed glass substrates were 'ound to be insulated from each other, indicating that the microcapsule 
type conductive filler served to effect insulation. 

(3) Measurement of electric continuity 

The results of the test for electric continuity are shewn in Table 1. All the circuits used for the test invariably 
shewed highly satisfactory results of electric continuity net exceeding 1 5 Q (not mere than 0.2 fi per joint). 

To be specific, the chip and the substrate were ;cined as illustrated in Fig. 10 and the electric continuity resist- 
ance was net more than 0.2 Q per joint and. :n spite of the high filler content of 20% by volume, the adjacent pat- 
terns shewed highly satisfactory insulation in the order of i < 10 ' T O 
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Table 1 



5 



Electric continuity resistance 


Side of measurement 


Circuit 1 


Circuit 2 


Circuit 3 


Circuit 4 


A 


1.1034 


1.1298 


1.0865 


1.2051 


9 


1.1298 


1.2114 


1.1695 


1.1326 


C 


1.2365 


1.1511 


1.1233 


1.1519 


D 


1.2562 


1.1145 


1.2314 


1.1413 


In: Q 



75 

(4) Measurement of insulation resistance 

Table 2 shews the results of the test for insulation resistance. Even though the amount of filler incorporated was 
as large as 20% by volume (substantially equal to the amount of silver paste for a die bond), the adjacent patterns 
20 displayed highly satisfactory insulation of not less than 10 11 O. 



Table 2 



Insulation resistance 


Side of measurement 


insulation 1 


insulation 2 


Insulation 3 


A 


3.6 


2.5 


2.3 


B 


2.1 


2.5 


3.0 


C 


1.5 


2.7 


3.0 


D 


1.3 


2.0 


3.0 


In: 10 n Q 



35 

(5) Observation of state of union between chip and substrate (bump and pad) 

Fig. 9 is a photograph showing a cross section of the joint between the bump and the pad. It is dearly noted 
from this photograph that the microcapsule type conductive filler was amply present between the bump and the 
40 pad. 

Example 2 

A microcapsule type conductive filler was produced by faithfully following the procedure of Example 1, except that 
45 minute Ag particles (average diameter 0.1 um) were used instead as minute conductive particles- It was evaluated in 
the same manner as in Exampie 1 . 

(Results) 

so (1) Observation of cross section of microcapsule type conductive filler 

Similarly to the filler illustrated in Fig. 8, an insulating polymer was found to have unrfcrmly coated the surface 
of agglomerated minute conductive particles. 

(2) Confirmation of insulation with microcapsule type conductive filler 

The filler showed the same degree of insulation as found in Example i . 
55 (3) Measurement of electric continuity resistance 

The electric continuity resistance was substantially the same as in Example 1 . 

(4) Measurement of insulation resistance 

The insulation resistance was substantially the same as in Example 1 . 

(5) Observation of state of union between chip and substrate (bump and pad) 
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Similarly to the product of union illustrated in Fig. 9, trie microcapsule type conductive filler was amply present 
between the pad and trie bump. 

Example 3 

5 

Microcapsule type conductive filler and adhesive agent were produced by faithfully following the procedure of 
Example 1 . except that 10 g of bismaieimide (BMI) and 0. 1 g of diazcbicydoundecene were used in place of the mon- 
omer BPA. They were evaluated in the same manner as in Example 1. 

io (Results) 

(1) Observation of cross section of microcapsule type conductive filler 

Similarly to the product of union illustrated in Fig. 3. an insulating polymer was found to have coated minute 
conductive particles completely. 
is (2) Confirmation of insulation with microcapsule type conductive filler 

The filler showed the same degree of insulation as in Example 1 . 

(3) Measurement of electric continuity resistance 

The filler showed the same degree of electric continuity resistance as in Example 1. 

(4) Measurement of insulation resistance 

20 The filler showed the same deqree of insulation resistance as in Example 1 

(5) Observation of state of union between chip and substrate (bump and pad) 

The state of union was the same as that found in Example 1. 

Comparative Example 1 

25 

(1) Preparation of microcapsule type conductive filler 

A microcapsule type conductive filler was produced by the coating method described below using the following 
materials. 

30 Minute conductive particles: 

30 g of minute Ag/Cu particles (same as those of Exampfe 1) 
Polymer: 

PMMA (average particle diameter 0.15 urn) (m.p. 135 3 C) 

35 A microcapsule type conductive filler coated with PMMA was produced by dissolving 5 g of PMMA in 100 ml of 

xylene, spraying the resultant solution into minute conductive particles, and drying the particles (for expulsion of 
xylene). 

(2) Observation of cross section of microcapsule type conductive filler 

(3) Confirmation of insulation with microcapsule type conductive filler 
*c (4) Preparation of conductive adhesive agent 

(5) Bonding of chip to substrate 

(6) Test for electric continuity and test for insulation 

(7) Observation of state of union between bump and pad 

45 The operations of (2) to (7) indicated above were carried out in the same manner under the same conditions as 

these of (2) to (7) of Example 1 

(Results) 

so (i) Observation of cross section of microcapsule type conductive filler 

Similarly to the minute conductive particles of (7), Example 1 illustrated in Fg. 3. the filler particles were found 

f c rcmpieteiy coated with °VMA 

Simiar'v *c the 'tiler of Example ' *re microcapsule *vce ccncucnve "Her -etainec! nsuiaticn 
fr (3) Measurement ot electric continuity resistance 

Ail the circuits, similarly to these of Example 1 , shewed highly satisfactory electric continuity resistance ot net 
mere than 1.5 ft. 

(4) Measurement of insulation resistance 

Tacie 3 shews v he results of the measurement C* the *ctai of 12 insulation parts, two ; nsulaticn parts showed 
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electric continuity, probably because the bonding was made at a temperature of 200°C and the PMMA was conse- 
quently decomposed or fused to establish contact between the minute conductive particles. 



Table 3 



w 



15 



Insulation resistance 


Side of measurement 


Insulation 1 


Insulation 2 


Insulation 3 


A 


1.5 


2.5 < 10 n 


510 


B 


2.1 < 10 11 


3 


150 


C 


20 


2.7 x 10 11 


26 


D 


35 


10 


3.0 x 10 11 


In: O 



(5) State of union between bump and pad 
20 Similarly to the results of (5) in Example 1 . the microcapsule type conductive filler was ampiy present between 

the bump and the pad. 

Comparative Example 2 

25 Preparation of microcapsule type conductive filler 

A microcapsule type conductive filler was produced by faithfully following the procedure of Example, except that Cu 
particles 60 urn in diameter were used as minute conductive particles. 

The produced microcapsule type conductive filler was evaluated in the same manner under the same conditions as 
30 described m (2) to (7) of Example 1. 

(Results) 

The produced fiiler having the surface thereof completely coated with a polymer showed insulation. The electric 
35 continuity resistance and the state of union between the bump and the pad were equal to those obtained in Example 1 . 
No insulation was retained between the adjacent pads. 

Comparative Example 3 

40 A microcapsule type conductive filler produced by following the procedure of Example 1 was mixed with an epoxy 
type adhesive agent having a viscosity of 210,-000 cps. 

(Results) 

45 The filler could not be dispersed in the adhesive agent because the viscosity of the adhesive agent was unduly 
high. 

Example * 

so The use of two kinds of monomers, a thermosetting resin, and a solvent was omitted and a monomer were used in 

both the oil phase and the aqueous phase. 

A microcapsule type conductive filler and a microcapsule type conductive adhesive agent were produced by faith- 
fully following the procedure of Example 1, except that an oil phase obtained by dispersing 7 g of conductive particles 
treated with a coupling agent in 10 g of BPA in accordance with the flew sheet shown in Fig. 2 was used dichicroethane 

55 instead of ethyl acetate solvent in the oil phase. They were evaluated in the same manner as in Example 1 . 

(Results) 

In ail the items of evaluation, the results were equal to those obtained in Example 1. 
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gxa,mple g 

Cne kind of monomer was used and a thermosetting resin and a solvent were used, and one kind of monomer was 
used m the oil phase. 

5 A microcapsule type conductive fiiler and a microcapsule type conductive adhesive agent were produced by follow- 

ing the procedure of Example 1, except that an aqueous phase was prepared by dissolving 12 g of polyvinyl aicohol 
and 1 .5 g of an emuisifier m 200 ml of water and a solution of 10 g of divinyl benzene and 0. 1 g of benzoyl peroxide in 
15 ml of ethyl acetate was used as an oil phase, 

io (Results) 

in ail the items of evaluation, the results were almost the same as those obtained in Example 1 
Example 5 

15 

Two kinds of monomers were used, including a thermosetting resin and a solvent, and two kinds of monomers were 
used in the oil phase. 

A microcapsule type conductive filler and a microcapsule type conductive adhesive agent were produced by follow- 
ing the procedure of Example 1, except that an aqueous phase was prepared by dissolving 12 g of polyvinyl alcohol 
20 and 1.5 g of an emuisifier in 200 mi of water and an oil phase was prepared .v:th 15 m! cf ethy! acetate and 5 g of imi- 
dazole. They were evaluated in the same manner as in Example 1. 

(Results) 

25 In all the items of evaluation, the results were nearly the same as those obtained in Example 1 . 

Example 7 

Two kinds of monomers and a thermosetting resin were used only in the oil phase and no solvent was used. 
30 An MC filler and an MC conductive adhesive agent were produced by faithfully following the procedure of Example 
6, except that the use of ethyl acetate was omitted. They were evaluated in the same manner as in Example 6. 

(Results) 

35 In all the items of evaluation, the results were nearly the same as those obtained in Example 1 

Example 3 

One kind of monomer and a thermosetting resin were used and no solvent was used. The monomer was used in 
40 the oil phase. 

A microcapsule type conductive filler and a microcapsule type conductive adhesive agent were produced by follow- 
ing the procedure of Example 2. except that an aqueous phase was prepared by dissolving 12 g of polyvinyl alcohol 
and an emuisifier in 2C0 mi of water and an oil phase was prepared by dispersing in 10 g of divinyl benzene 0.1 g of 
benzoyl peroxide and 7 g of minute conductive particles treated with a coupling agent in accordance with the flow sheet 
45 illustrated in Fig. 2 without using ethyl acetate (solvent). They were evaluated m the same manner as \n Example 2. 

(Results) 

In all the 'terns of evaluation, the results were nearly the same as those obtained in Example 1. 

sc 

Example 9 

- zierc z: a -rer~cc:as:;c -es.n arc a. :rerrrcsemrc; -es.r- arc i ,cive r ; a~-<- -sc-- ~ ~. - 

:z A microcapsule type ccrxiuctr/e f ;i!er and a microcapsule type conductive adhesive aqent were or educed oy follow- 

ing the procedure of Example 1 . except that 5 g of methyl methacrylate, 5 g of bismaieimide, ard 0.1 g of azcisobuty- 
ronitrie were used as mencmers in place cf BPA and TEPA. They were evaluated m the same manner as n Example 1 
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15 



20 



25 



30 



35 



40 



(Results) 

in all the -terns of evaluat.on. the results were nearly the same as those obtained in Example i. 
gxample iq 

A blend of a thermoplastic res.n and a thermosetting res.n and a solvent were used. The monomer was used in the 
0,1 T^LT^^ -d a m.crccapsule type conduct adhesive agent were produced- br W~ 

X ^Jii was used as an c. phase. They were evaluated in the same manner as .n Example i. 
(Results) 

In all me items of evaluation, the results were nearly the same as those obta,ned in Example 1 . 

Example 11 

except that ethyl acetate was cmtted. Tney were evaluated in the same manner as Example 10. 
(Results) 

In all the .terns of evaluation, the results were nearly the same as those cbta.ned in Example 1 . 
Example 12 

1 1 . except that ethyl acetate was omitted. They were evaluated m the same manner as .n Example . 

(Results) 

In all the items of evaluation, the results were nearly the same as those obtained in Example 1. 

Example 13 

An MC type filler produced by the procedure of Example 1 was tested for the following items, 
ues with respect to electric continuity. 



45 



50 



Table 4 



Results of test of MC type filler for insulation 


Difference of sp values of 
coupling agent and mon- 
omer 


Results of test for insula- 
tion 


0 


Insulation 


5 


Insulation 


10 


Insulation 


11 


Electric continuity 
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The results indicate that the difference between the sp value of the mcncmer (epoxy resin) ard the sp value of 
the coupling agent must be within 10 (cal/cm 3 ) 1/2 . The possible reason for this limit is that the monomer molecuJes 
and the coupling agent molecules are intertwined with difficulty and retention of the monomer on the surface of the 
s minute conductive particles ;s not attained. Incidentally, the sp value of the epoxy resin is 10.9 (cal/crn 3 ) 1 ' 2 

(2) Effect of viscosity of aqueous phase on stability of suspension 

Table 5 shows the results of the test performed involving the effect of changes in the viscosity of the aqueous 
phase on the stability of the suspension. 



Table 5 



Relation between viscosity of aqueous phase and suspension 


Viscosity of aqueous 
phase (cps) 


10 


20 


100 


1000 


10000 


11.000 


Stability of suspension 


Sedimentation of 
minute conductive parti- 
cles observed 


Stable 


Stable 


Stable 


Stable 


Suspension not pro- 
ducible and separation 
of MC filler after reac- 
tion not effeoble 



The results indicate that the viscosity of the aqueous solution is proper in the range between 20 and 10.000 

cps. 

25 (3) Effect of stirring speed on stability of suspension 

Tacle 5 shows the results of the test performed involving the effect of the stirring speed (30, 50. 250 t and 300 
rpm) on the stability of the suspension. 



Table 5 



Relation of speed of stirring and stability of suspension 


Speed of stirring 


30 


50 


250 


300 


StaDility of suspension 


Sedimentation of minute con- 
ductive particles observed 


Stacie 


Stable 


Adhesion of minute conductive 
particles to beaker wall observed 



The results indicate that the stirring must be carried cut at a rate in a range between 50 and 250 rpm. 
40 (4) Relation of particle diameter and insulation resistance of minute conductive particles 

Table 7 shows the results of the test performed on minute conductive particles of diameters 10. 30. 50. and 70 
urn for insulation. 



Relation between particle diameter and insulating 
property of coated minute conductive particles 


Particle diameter (jam) of 


Results of test for insula- 


minute conductive parti- 


tion 


cles 
















l 70 


| Eiectric ccntiruity 
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The results indicate that the minute conductive particles to be used should have a diameter of not more than 
50 nm. 

(5) Relation between shape and eiectnc continuity resistance of minute conductive particles. 

Table 3 shows the results of the test performed on minute conductive particles having different shapes of 
5 spheres, pseudospheres. and fish scales with respect to electric continuity. 



Table 3 



Relation between shape and conductivity of minute 
conductive particles 


Shape of minute conduc- 
tive partides 


Conductivrty (Number of 
defective portions/number 
of srtes of measurement) 


Spheres 


0/100 


Pseudospheres 


0/100 


Fish scales 


23/100 



tn the case of a filler using minute partides of the shape of fish scales, the surface completely coated with a 
polymer, the insulation was satisfactory, and the adjacent pads were insulated from each other. Absolutely no elec- 
tric continuity was established. Though the filler was present between the bump and the pad, it failed to serve as a 
medium for union thereof. The results indicate that the minute conductive particies should be in the shape of either 
spheres or pseudospheres. 

(6) Relation between thickness and electric continuity resistance cf an insulating resin layer 

Table 9 shows the results of the test performed on insulating resin layers formed of the MC type conductive filler 
with different thicknesses with respect to electric continuity. 



Table 9 



Relation between thickness and conductivity of insu- 
lating resin 


Thickness (\im) of insu- 
lating resin 


Resistance per site of 
measurement (O) 


0.1 


0.1 


2.0 


0.4 


3.0 


0.5 


4.0 


1.5 



It is noted from Table 9 that the resistance to electric continuity was high and points of poor electric continuity 
were detected when the thickness of the insulating resin layer (coating layer) was 4.0 urn. The results indicate that 
the thickness of the insulating resin layer is desired to be not more than 3 urn. 
(7) Content of MC type filler 

Table 10 shews the relation between the MC type filler and the state of curing of the adhesive agent. 
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— TvTr^vceconcluctive .lHer aru^ . — — 

Contentot^M^^ r — — 65 I 



Poor adhesion. Compare 

^ Miliar ~ 



TO 



T5 



20 



25 



" .nan eo^a by volume. Mew, 

, UC type conducive HUr must net Je™^ " «J^, , 4 » , 6. 

_ t th6 content of the W* 3 — pr«icallv below with reference 

^ e results ind.cate mat the „,„ be desert speedy 
third and fourth aspects of Ji* 

EiaEdS-li Wiethe blowing materials. 

MC tvue conduct adhere agent was produ ^ ^ ^ ^ ^ 

^„=r-heres having uie =>«• — 

^ a „*rtc'es- Minute Cu psaudoscneres ap^dnde as the 

Minute conductive partc.es. ccrTOC nent and an acd anhy 

------ ■ 

Monomer: Bisphenol A type -p 

■*£pikote 323 )• tides were 

required if trie cui^ c beca use rie sp««" . ^ range at ,su - a rt caving S"»at 

^BPA) in 1 5 ml of ethyl acettte^O go ^ ^ suspensi0n and ,nduce 

• „„„„,.. 



JO 



35 



40 



45 
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R 

N N-K 



N 
H 



TO 



20 



(wherein R stands fcr a group represented ay -SH. -N(CW 3 ) 2 . .NHC,H 5 . -N(C 4 H 9 ; 2 . -N(C 3 H l7 ) 2 . -N(C 12 H 25 ) 2 . - 
N(CH 2 CH-CH 2 ) 2 . -NHC 3 H, 6 CH=CHC 8 H 17 . .NCH 2 C 6 H 4 CH-CH,(C 3 H l7 ). or -NHC5H4). 

me result .nat .ne sundw -> rt _ ^ wlth an spoxy monomer, the tnazine thiol acts 

metallic particles that have undergone the surface treatment are mixed «nn ar -pc y 

as a cross-linkina agent 'or the apoxy monomer to undergo a reacf.cn illustrated :n rig. .3 and gives .isa .0 a curec 
ptoSua ot Sxy'consUnt!, an MC type conducive fiiler ,av,ng a surface of the m.nute metalhc parties coated 



with the epcxy resin is obtained 

Here, it is necessary to pay attention to the Slewing points. 



30 



35 



45 



SC 



m The production of the tnazine thiol film must be earned out in an atmosphere of nitrogen. (21 The triazine thiol 

Sculated ^orn the amount of unreacted RTD. The reason for (3) * that the m.nute metallic parties serte and 
agglomerate during the reaction of the monomer when stirring is omitted. 
i?\ OHcorvation nf cross section of capsule type minute metallic particles 

{) Tne product ^waf ernbeddi in the epoxy res., allowed to cure, and cut wHh a microtome to expose a 
cross section of the capsule type minute metallic particle to visual observation. 

(3) Confirmation of insulation with capsule type minute metallic particles : nsu lation 
The produced MC type conductive filler was agglomerated into a cohering mas. and tested for .nsulation 
resistance with an insulation resistance meter used at freely selected points of measurement 

W 'Z^SSZSESR-* P^uced by m,»ng an MC type con^^ esive « 
20% by volume of the MC type conductive filler prepared in (D above. The results of the tea indicate the viscosity 
oHhe prod c" ad^,ve £nt was so h.gh as to jeopardize the workability if the vc.umjnal proper - -ceeded 
20% the produced adhesive agent was barely usable if the volummal proportion was up to o0 of the MC type 

agent included parts a..ow,ng no electric continuity if the vdj^ pr*^ 
small Thus, the optimum content of me MC type filler is fixed at 20% by volume. Here, the adhes.ve 
agent used here.n was a one-component type for facilitating the process of production. 

(5) T^^S^9- * to wmch -he conductive adhesrve agent produced in (4, above was applied and 
a ^X^ts^So um pitch, and electrode int«va. 100 .urn) illustrated inFig. 5 on which stud sumps were 
formed were subjected to thermocompression bonding at 17S-C. 30 s. and 20 g/bump. 

(&i Test 'or electric continuity and test for insulation • -^K^afnnr- 

ffmp eVoVme product of union indicated in (5) above were tested for electric continuity resistance by the four 
term' aTScL ing the po.nts of measurement illustrated in Fig. 6 and Fig. 7 and tested for resistance with a 



resistance meter 
(Results) 



( 1 ) Observation of cress section of microcapsule type conductive fiiler 

{ ) Cccln of the surface of m.nute conductive particles coated uniformly w.th an ,nsulat,ng resin as Jlus- 



trated by a type diagram of Fig. 3 was confirmed. 
(2) Insulation resistance of microcapsule type conductive filler 
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The magnitudes of insulation measured at ail the points invariably exceeded a high level of 1 x 1Q 1 1 Q. 
(3) Measurement of electric continuity resistance and insulation resistance between bonded crip and substrate 

The union between the chip and the substrate was obtained as illustrated by a type diagram in Rg. 10. The 
magnitudes of eiectnc continuity resistance were satisfactory, nvanably *alling below 0.2 O per point of contact. 
5 Though the filler was incorporated in such a large proportion as 20% by volume, highly satisfactory insulation of 1 

* 10 1 1 Q was found between the adjacent patterns. 

This example represents one case of using tiazine tnioi as an affinity agent. This invention is not limited to this par- 
ticular affinity agent Naturally, any compound possessing a reactive group that exhibits affinity for both the metaJ and 
w the monomer intended to coat the metal can be used as an arfinity agent 

gxampie 1? 

In the production of capsule type minute metallic parades by the procedure of Example 14. the stirnng of the sus- 
is pension was carried out at varying rates of 30. 50, 250, and 300 rpm to determine the effect of the stirnng speed on the 
stability of the suspension. 

(Results) 

20 Table 1 1 shows the effect of the stirring speed (30. 50. 250. and 3C0 rpm) on the stacility of the suspension. The 
results indicate that the stirring speed must be in the range between 50 and 250 rpm for the sake of suspension stability 



Table 1 1 



Relation between stirnng speed and suspension stability 


Speed of stirring (rpm) 


30 


50 


250 


300 


Suspension stability 


Sedimentation of minute con- 
ductive particles observed 


Stacle 


Stable 


Adhesion of minute conductive 
particles to beaker wall observed 



35 Example 16 

An MC type conductive filler and a capsule type conductive aches;ve agent were produced by following the proce- 
dure of Example 14., except that alcohol was used in the place of acetone. They were evaluated in the same manner as 
in Example 14. 



40 



(Results) 



In all the items cf evaluation, the results were nearly the same as these obtained in Example 14. 
This invention is constructed as described above, it enables an MC type conductive filler coated with a thermcset- 
45 ting resin possessed of better characteristic properties than a thermoplastic resin to be produced easily at a low cost. 
Thus, this invention realizes a practical MC type conductive adhesive agent excellent in reliability and performance. 

Claims 

sc 1 . A method for the production of a microcapsule (MC) type conductive filler comprising (a) a step involving immersing 

— ^ . „ , r 3 M r.tv ice^ **5r^cy veatj'-c. r^r^c? ? f 33 d ~TL?e TcrdLCfve ~ar*ic!es f b) 
i stec rvcivirg rrmerssrg arc 2iscers;rg saic s;-r:ace-:r eatec ^:r^;e ;crcu;::*-e jart:c;es ; * cr*c *' 
jci>mensacie :c rr~ a -rer—csertirg sciatirg cciv~er -re---3cv -re i suscers;cn arc: - a stec rvcivirg 
pc'ymenrng the mnnrmer m said susoension therecy forming a :her presetting insulating cciymer on the surrace 
55 of said minute conductive particles. 

2. A method according to Claim 1, wherein said step (a) is preceded by a step involving cleaning the surface of the 

^ir^te :cnductive car*;c!es 
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, 9rtr3 where.nsa.daffin.ty agent ,s tnazine thiol. 
4 A method according to Claon 1 . 2 or 3, & dunng said 

* aams 1 to 4. wherein said affinity agent .s d.ssc. 

5 . A method according to an, one of darns 

^ r . - m 5 M * sari scvent is acetone or an aicohcl. 

6 . A method according to C,a,m 5. «h«i ^ mo(/1itre . 

• ~Z?rZZZ • 

8 A method according to any one of Claims 
' - 20 ' C 1to3 .here,the l mmers l on rt medur, g sa.step(a),30,5m,.te, 
5 * A.ethodaccord.ngtoanvoneofO.ms . ,s carried cut n an atmosphere 

10 . A method according to any one of Cms 1-9. 

of ".trogen. ^ on the 5U rface of minute metal- 

tic conductive cartices 10 ^ 

waTe a?o.l phase containing m.nute *e *ater hav.ng d.ssolved *ere . ^ ^ phase 

^reacL substance ^^^ C X ^sS^ S onereatfive substance alone 

B caoable of reacting with sari rea ^ ve J react j ve substance or sa.d at ^ ater mere by 

coming a.ther so* a solvent ^and ^ ^« disper5 , ng aK) «rru.»«^« ^ n Qf ^ 
on the surface of minute eo^« rtve ;*™ or adding a catalyst to *a suspen^ fQrming 
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21. An MC type conducive adhere agent according to any one of CIa,ms 17 to 20. wherein sarf m.nute conducive 
particles are spheres or pseudospheres. 

type curing substance or a bismale.rn.de/am.ne type cur.ng substance. 

ttAn^typ-conduct^ 

filler having an thickness of not more tnan 3 um. 

'° 24. An MC type conducive adhere agent according to any one of CU.ms 1 7 to 23 whose v.scosUy is not more than 
150.000 cps, 

_ M « ~* riaime 1 7 tn 24. wherein the content of said MC 
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Fig. 1 
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Fig. 2 



COMPOSITION CONSISTING OF 300 ml OF WATcR. 
10c OF MONOMER (AQUEOUS PbiASE), J.5g OF 
EMULSIFIES. AND 15g OF POLYVINYL ALCOHOL 
(VISCOSITY ENHANCER) 



EMULSiFiCATION 



TREATMENT WITH COUPLING 
AGENT. USING 30ml OF 
ETHYL ACETATE AND 5g 
OF MONOMER FLUS 7g OF 
MINUTE ELECTOCONDUCTIVE 
PARTICLES (Ag) 



ZQmir.utes' DISPERSION WITH ULTRASONIC WAVE 

60 *C 6hcurs 

AGITATION AT ISCrpm 
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SEPARATION 



DRYING 
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Fig. 3 
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Fig. 5 
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Fig. 6 
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Fig. 8 
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Fig. 9 
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Fig. 10 
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MINUTE METAL PARTICLES 
TREATED WITH TRIAZINE 
THIOL 



EPOXY MONOMER 




SUSPENSION 



AGITATION 



CLEANING 



DRYING 
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Fig. 12 
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